Background
==========

In 2001, the World Health Organization (WHO) approved the International Classification of Functioning, Disability and Health (ICF) to describe functioning in health and health-related contexts. The challenges of implementing the ICF \[[@B1]\] in various fields such as medicine, rehabilitation, long-term care, or social care include the operationalization and quantification of the ICF categories \[[@B2]\]. Unlike the International Classification of Diseases (ICD) \[[@B3]\], also developed by the WHO, to which medical records can serve as an information resource, the ICF measures the problems in an individual's functioning with respect to a health condition. The ICF provides alphanumeric codes that are arranged in a hierarchy for each ICF category or functioning domain. The number of digits in an ICF code represents an increasing level of precision in the categorization or definition for each function in that domain. However, the high number of codes (n = 1434) makes the use of the ICF by health care professionals particularly challenging. Therefore, to facilitate the use of the ICF codes, it is necessary to tailor them to the target population.

As the ICF was developed as a classification system, it requires an additional step for use as a measurement system, i.e., using a qualifier with the ICF code. A user must select an ICF code, followed by measurement using an ICF qualifier. Qualifiers are numeric codes that specify the extent or the magnitude of the disability in that category. The original ICF qualifier is used to record the severity of the problem: no problem; mild; moderate; severe; or complete problem (included in the codes are qualifier 8 (not specified) and qualifier 9 (not applicable)). However, this approach prohibited us from using the ICF for two reasons. First, it was difficult to select relevant ICF codes from the approximately 1434 ICF codes, and if we selected ICF codes for each person, we could not compare the specific function to other persons, because the ICF codes selected for various individuals may not be the same. Second, the reliability of a qualifier for quantification of severity of a disability was not always satisfactory \[[@B4],[@B5]\].

Therefore, for adaptation of the ICF codes, *a priori* selection of ICF codes specific to a target population can minimize the burden of selecting numerous ICF codes. In addition, the use of a simpler qualification tool makes the ICF easier to use as a basis for measurement

There have been several studies aimed at tailoring the number of ICF codes \[[@B4],[@B6]-[@B9]\]. ICF codes related to condition-specific ICF items, such as the codes for osteoarthritis and other chronic conditions, were selected in the development of ICF Core Sets \[[@B2],[@B10]\]. This developmental effort facilitated condition-specific selection of ICF codes, but the ICF codes selected for one chronic condition may not necessarily be adaptable to other chronic conditions. The WHO provided the ICF checklist as a simple version of the ICF; however, the broad and vague definitions of the ICF codes used in the checklist limit its use in a target population such as elderly patients, because some ICF codes do not have high reliability for the intended population \[[@B4],[@B5]\].

An alternative approach is to create linkage between the ICF and existing measures of activities of daily living (ADLs) and health-related quality of life (HRQOL) \[[@B2],[@B11]\]. This approach has allowed ICF users to tailor the number of ICF categories to fit specific clinical needs \[[@B12],[@B13]\]. This approach has qualitatively linked the ICF codes to existing ADL limitation-related scales such as the Functional Independence Measure (FIM) \[[@B14]\]. However, in these cross-linking approaches, the absence of quantitative links limits the use of the ICF for measurement scales.

Some studies have tried to link the existing scale to the ICF codes quantitatively \[[@B15]-[@B17]\]. An example of such a linkage has been established between the *Typology of the Aged with Illustrations* (TAI) and the ICF \[[@B18],[@B19]\]. The TAI contains four Guttman-type scales for Mobility, Cognitive functioning, Eating, and Toileting. Each scale includes five thresholds that enable staging of the functioning of elderly persons. For example, the following five items are used as thresholds in the TAI mobility scale: threshold 5, "stair climbing"; threshold 4, "walking short distance"; threshold 3, "moving around on a flat floor"; threshold 2, "transferring, maintaining sitting position" and threshold 1, "rolling over on beds". A Guttman scale is composed of a set of binary items with yes or no answers, with similar content, but differing in difficulty. In this case, items are arranged in order of difficulty so that an individual who performs a particular item also performs items of a lower difficulty rank-order. However, it has been shown that some items used in a TAI scale are not in the order of difficulty when they are assessed with the Rasch model \[[@B19]\].

Another approach is the proposed functional staging measurement. In this measurement, sets of items are used to construct scores; which are then converted into hierarchical stages using cut-off scores. Functional staging provides a detailed description of an individual's expected ability within each identified stage, including the types of activities he or she can do. This is achieved by cross-linking Activity Measure for Post-Acute Care (AM-PAC) items to the ICF \[[@B5]\]. However, the items used on the AM-PAC are numerous and are not always linkable to the ICF codes. For example, "Fastening a necklace (clasp) behind your neck" is difficult to code in terms of the ICF.

Therefore, in this study, the authors constructed a Guttman-type scale using the response pattern of the ICF items analyzed by the Rasch model. If we could successfully build such a scale starting from ICF codes, we could obtain a simple scale with a staging property.

The Rasch model assumes that the probability that a person will fit into a category within an item is a logistic function of the difference between the person's ability (θ) and the difficulty of the item (b) \[[@B20]\]. The probability of success (or failure) of an item or a task is a binary item (such as failure or success in transferring from a bed), and can be expressed as

$$\textit{Pi}\left( \theta \right) = \frac{e^{({\theta - b_{i}})}}{1 + e^{({\theta - b_{i}})}}$$

where Pi (θ) is the probability that respondents with ability θ will answer item i correctly (or be able to do the task specified by that item i). From this formula, the expected pattern of responses to an item set is determined given that estimated θ and b.

If the items with a binary response pattern fit the Rasch model, they provide a Guttman-like response structure. For this purpose, we used a binary-type response for each ICF item in this study. In the Rasch model, the Guttman response pattern is the most probable response pattern for a person when items are ordered from least difficult to most difficult. Using these characteristics of the Rasch model, we used the item fitted to the Rasch model as a threshold item in the Guttman-type scale. Therefore, selected ICF items are used as the thresholds for the boundaries between categories. Using this property of the Rasch model, we constructed two Guttman-type scales that can be used as a staging tool.

The objective of our study was to construct Guttman-type scales with the ICF codes for use in geriatric care settings. The goal was to be able to use the scales to assign patients to one stage. Staging of the functional levels of patients enhances standardization of care, helps in the planning and development of health services, and allows for communication among health services professionals concerning patients' functional capabilities. Therefore, we decided to construct a new ICF-based staging system, starting from ICF codes, rather than linkage from an extant measure, and to find a link to the ICF. This study departed from measurement of the ICF codes themselves. Using the results, we reconstructed a new measurement tool to stage the functioning of elderly persons.

Methods
=======

Item selection and assessment
-----------------------------

We selected 19 items related to mobility, walking, and transfer based on a previous study on reliability \[[@B4]\]. The 19 items were then modified into 33 items which specified performance in relation to mobility, walking and transfer. We divided the 33 ICF codes into 12 "basic mobility"-related items, and 21 "walking"-related items according to the meaning of each code. These modified items were labeled differently from the original items compared with the labeling used in the study. For example, the ICF code "Maintaining a standing position (d4154)" was divided into "Maintaining a standing position with assistance (d4154a)" and "Maintaining a standing position without assistance (d4154b)." The modified or specified ICF codes are shown in Additional file [1](#S1){ref-type="supplementary-material"}. All ICF items are attached with illustrations \[[@B21]\].

Participants
------------

In this study, we recruited two groups, one for scale development, and another for scale validation. For both groups, elderly persons over 65 years old were recruited. For scale development, Japanese elders from 14 institutions and 14 day care-services under the auspices of long-term care insurance (LTCI) were recruited. Each facility was asked to randomly select 10% of their users. The developmental sample was measured with the 33 ICF items.

For scale validation, data from 182 institutions and 177 day care centers were collected. Each facility randomly selected 10% of their patients for participation in the study. The ICF items selected by the scale development process and the newly constructed Guttmann-type scale were measured in this sample.

Each patient was measured with respect to each ICF item according to performance (whether or not the participants do a task as part of their daily activities) or capacity (whether or not the participants could do the task in a special or "standard" environment setting such as in a rehabilitation room). The performance results were used in this study. We did not use the 0-4 generic qualifier of the ICF. Each item was assessed/rated "yes" or "no" using the binary response options to construct a Guttmann-type scale.

The assessment was based on the observation of the daily activities in a geriatric health facility. For example, in the assessment of maintenance of sitting position, the authors did not specify the duration of maintenance of such activity unless specified otherwise, but if the elderly person was capable of maintaining a sitting position regularly, the assessor checked "yes" to this item.

The assessment was performed by trained health care professionals such as physiotherapists, occupational therapists, nurses, and certified nursing aides, who also had experience in geriatric health assessment. In addition, the health care professionals were given training by the authors on how to make the assessments using each ICF item.

Written consent to participate in this study was obtained from each participant or the participant's proxy family member. The study was approved by the Ethical Review Board of the Japanese Association of Geriatric Health Services Facilities, and is in compliance with the Declaration of Helsinki.

Data analysis
-------------

The characteristics of the sample and contrasts between the variables were analyzed using SPSS version 12.0 (IBM Corporation, Armonk, NY, USA). Rasch analysis was performed with RUMM2030 (RUMM Laboratory Pty. Ltd., Duncraig, WA, Australia). The Rasch model was employed to identify item-fitting and redundant items and to identify a hierarchy of mobility items ranked from easiest to hardest. For this analysis, a sample of 300 items was randomly selected from the eligible sample for scale development (n = 1164). If we use the total sample, most of the items appear to not fit the Rasch model because fit statistics are sample size dependent and as the sample here is relatively large. Therefore, all items would be significant and not fit the model unless a smaller random sample is selected \[[@B22]\]. Thus, taking into account the relationship between sample size and significance of mean-square statistics, the authors decided to use the sample size of 300 \[[@B23]\].

The ICF items that showed a low fit to the Rasch model were deleted iteratively until the remaining items reached an acceptable item fit (selection criteria P \> 0.05). The iterative process is not shown in this paper. Of the items that showed a closer fit to the Rasch model, four items (out of 12 items) for basic mobility were selected, and four walking-related items (out of 21 items) were selected. A panel of health care professionals, including a physician, nurses, nursing aide, physiotherapist, and occupational therapist, reviewed the items selected after statistical selection of the items. If we had more than four items that fit the Rasch model, then the panel members chose the final item based on its applicability in daily care settings.

Then, two Guttman-type scales namely "basic mobility" and "walking" were constructed using the four ICF items selected for each scale, and illustrations were attached. Using the sample for scale validation, the threshold location of the newly developed scale was tested against the ICF items to see whether the order of the threshold was in order of difficulty for each ICF item. In addition, differential item functioning (DIF) for study location (day care and institution), sex and age-group (under 74 years, 75 to 84 years, 85 to 94 years and over 95 years) was tested for scale validation \[[@B24]\].

Results
=======

Among 1560 potential study candidates from the sample for scale development, 1164 were eligible for this study. A total of 396 participants were excluded due to missing data. Those persons with missing data did not differ significantly in terms of sex, age group and study location, according to the chi-square test. The average age of the candidates in the eligible sample was 84 (SD 8) years, and 222 (19%) of the study subjects were men. Of these, 313 (27%) elderly persons were living at home and assessed while using a day care service. The participants in the remaining sample were institutionalized elderly persons.

Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} show the location and fit statistics of the initial items tested. Of these, 12 items were selected which further described basic mobility. From Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, we re-analyzed the remaining items until we selected the best items that fit the model. These items were then rearranged as a Guttman-type scale according to their item difficulty, as shown in Figures [1](#F1){ref-type="fig"} (mobility scale) and Figure [2](#F2){ref-type="fig"} (walking scale). Illustrations are attached to show the image for each ability level.

![Basic mobility scale.](1471-2318-13-16-1){#F1}

![Walking scale.](1471-2318-13-16-2){#F2}

###### 

Item locations and fit statistics for basic mobility

  **ICF code**   **Item related to body movement and body posture**     **Location**   **Fitness**  **p-value**
  -------------- ---------------------------------------------------- -------------- ------------- -------------
  d4100          Lying down                                                    −1.53          4.87     0.09
  d4103          Sitting                                                       −0.86          3.56     0.17
  d4105          Bending                                                       −0.16          1.40     0.50
  d4106          Shifting the body\'s center of gravity                         0.80          9.16     0.01
  d415           Maintaining a body position                                   −3.29          0.82     0.66
  d4153a         Maintaining a sitting position without assistance             −0.33          3.33    0.19\*
  d4154a         Maintaining a standing position with assistance                1.84          3.48     0.18
  d4154b         Maintaining a standing position without assistance             3.51          3.64    0.16\*
  d420           Transferring oneself                                           0.38         22.29     0.00
  d4200          Transferring oneself while sitting                             0.07          3.76    0.15\*
  d4201          Transferring oneself while lying                               1.92          5.08     0.08
  d4208a         Changing lying position                                       −2.35          1.50    0.47\*

\*final items selected.

###### 

Item locations and fit statistics for walking functions

  **ICF code**   **Item related to mobility and walking**                              **Location**   **Fitness**  **p-value**
  -------------- ------------------------------------------------------------------- -------------- ------------- -------------
  d450a          Walking with assistance from a person                                        −1.93         29.66     0.00
  d450b          Walking without assistance                                                    1.12          3.14    0.21\*
  d4500a         Walking short distances (50 m)                                               −0.88          4.50     0.11
  d4500b         Walking short distances (50 m) on flat floor                                 −1.50         13.92     0.00
  d4502          Walking on different surfaces                                                 1.55          1.91     0.38
  d4503          Walking around obstacles                                                     −1.87         12.87     0.00
  d4551a         Climbing (climbing upstairs)                                                  1.64          0.52    0.77\*
  d4551b         Climbing (climbing downstairs)                                                1.22          2.78     0.25
  d4601a         Moving around within buildings other than home (in nursing home)             −4.23          1.44    0.49\*
  d4601b         Moving around within buildings other than home (not nursing home)            −0.50          6.57     0.04
  d4602          Moving around outside the home and other buildings                            1.36          2.82     0.24
  d465a          Moving around using equipment (with cane)                                     0.11          5.39     0.07
  d465b          Moving around using equipment (with cane and braces)                          1.04          3.49     0.17
  d465c          Moving around using equipment (with T-shaped cane)                           −0.18          3.70     0.16
  d465e          Moving around using equipment (with four-point cane)                          1.30          2.27     0.32
  d465f          Moving around using equipment (with walker)                                  −0.43          3.67     0.16
  d465g          Moving around using equipment (with circled-type walker)                      1.55          2.05     0.36
  d465h          Moving around using equipment (with wheelchair)                              −2.42        187.31     0.00
  d465i          Moving around using equipment (with braces)                                   0.98          4.41     0.11
  d4701          Using private motorized transportation                                       −0.96          6.93     0.03
  d4702          Using public motorized transportation                                         3.04          1.16    0.56\*

\*final items selected.

In the present study, the authors reduced the number of items by constructing Guttman scales in combination with Rasch analysis. An example of a basic mobility scale is shown in Figure [1](#F1){ref-type="fig"}. This Guttman-type scale is composed of 4 ICF items that were used as thresholds. The levels between the thresholds are labeled, and illustrations have been added to clarify each level. For example, as seen in Figure [1](#F1){ref-type="fig"}, stage 1 of the basic mobility scale is not being able to change in and out of a lying position independently. If the person is able to change position but does not maintain a sitting position, they are assessed as stage 2.

We tested the characteristics of the newly developed scale using the sample for scale validation. There were 1706 elderly persons using an institutional service (average age, 85 years) and 1554 elderly persons using a day care service (average age, 81 years) from whom we obtained the data for validation. There were more institutionalized elderly persons in the sample for scale validation, but the percentage according to sex did not differ significantly between the two groups. For the age category, the sample for validation was younger (average age, 82 years) compared with the sample for development (average age, 84 years) because the former included more elderly persons in the age group between ages 64 and 75 years.

Figure [3](#F3){ref-type="fig"} shows the location of the ICF codes with respect to the new scale. The item difficulty (location) was found to be in the same order as the ICF codes selected to construct the items. No DIF was observed for study location (institution or day care), sex, or age groups (see Additional file [2](#S2){ref-type="supplementary-material"}).

![**Threshold distribution of new scales and original ICF items.** The borders of levels between 1, 2, 3, 4, 5 of the Basic Mobility and Walking Scale represent the locations of the threshold levels in logit. The border (0 and 1) of each ICF code represents the threshold of whether the person performed the task (=1) or not (=0).](1471-2318-13-16-3){#F3}

Discussion
==========

The ICF-based classification developed in the present study has wide applicability. First, patients can be assigned to one stage in each scale. Staging offers standardization of rehabilitation and care management because patients of the same group in a certain level require a similar amount and type of resources. This was achieved by hierarchically rearranging the ICF items and constructing Guttman-type scales according to item difficulty.

This approach also provides the opportunity to analyze longitudinal changes in an elderly person's functioning. Based on the results shown in Figure [3](#F3){ref-type="fig"}, the item location of each sample as shown was used to develop this scale. As shown here, patient characteristics are demarcated by ICF codes not only qualitatively, but also quantitatively. The location of each threshold item used to construct staging is arranged in a logit model. If a patient improves from one stage to the next stage, then the amount of improvement can be estimated by the difference between the two items' locations. This means that the user can estimate patients' functioning levels and follow them quantitatively.

Results from our study can also be used to allocate resources, such as for rehabilitation. Figure [3](#F3){ref-type="fig"} shows the initial ICF items plotted on the new scale in order of item difficulty. As shown here, the patients within a specific category may or may not be able to perform the tasks represented by the adjacent ICF items. Therefore, these items can be used as proxy targets for rehabilitation.

Some ICF tools, such as ICF Core Sets, have used the ICF codes separately. ICF Core Sets have been developed in the effort to make the utility of the ICF practical and feasible, particularly in clinical settings. Only selected ICF categories that were found to be relevant to a specific health condition, setting, or context are included in a Core Set. Our approach differs from most ICF Core-Set approaches because our method does not select patients by diagnosis. This is because, in sub-acute care settings such as nursing homes or rehabilitation care facilities, as well as in home care settings such as day care, patients are not divided by disease category. Some cross-group difference was analyzed using DIF analysis and no DIF was found between the elderly persons in institutions and day-care facilities, which implies the applicability of this method for both settings. In addition, the scales can be used as a classification system because they have staging properties. By adding illustrations to the scales, a clear image concerning basic mobility and walking can now be obtained for each patient.

Our study does have some limitations. First, the location statistics of two ICF items used as thresholds, namely, 'Going out using public transportation (d4702)' and 'Climbing up stairs (d4551),' were very near each other, which results in weak discriminative power, as shown in Figure [3](#F3){ref-type="fig"}. This was also evident in the newly developed mobility and walking scale. 'Going out using public transportation' may require not only mobility functioning, but also adequate cognitive and orientation functioning. However, we retained this item in this scale, because for the elderly living at home, this skill is important for staying active in society. Second, we could not use the exact ICF codes because the ICF itself does not provide code definitions applicable or specifically intended for the geriatric setting. Therefore, we had to attach associated words to fit the geriatric care setting such as "Maintain sitting position without assistance" and "Walking without assistance". Third, our study population is Japanese, which could limit the applicability of our findings to other types of patients, settings, geographical locations. Furthermore, our study was conducted in a government long-term care facility, which may impact the use of certain assessment instruments in other populations.

However, the scales we have developed satisfy content validity, because items were selected from a broad spectrum of mobility and walking. In addition, by dividing the items into the categories of basic mobility and walking, and allowing each item to have a closer fit to the Rasch model, the scales are likely to be both measuring a single dimension with different difficulty and satisfying the construct validity. Use of expert opinions to help selecting items for the scale also adds validity. However, further supporting evidence through subsequent studies will need to be considered.

The absence of differential item functioning across institutional and day care users, sex, and age group indicates the cross-group validity of the scale. Therefore, these scales may be ready for use as assessment scales in geriatric care settings. In addition, we can now better understand and manage patient care using functional information based on the ICF. As we used ICF as a basis for our taxonomy, these scales may be used internationally. However, the contextual difference in language across countries should be taken into account for international application.

Furthermore, aspects such as test-retest reliability and both concurrent and predictive validity are also essential elements of outcome measurement. Hence, these would need to be examined in future studies. Using the same methodology, ICF-based staging scales relating other aspects of ADLs, such as eating and toileting, as well as cognitive functioning and social participation, are under development.

Conclusions
===========

We have developed two simple staging scales for basic mobility and walking based on the ICF for elderly persons. Using these scales, patients are assigned to one stage in each scale. This was achieved by hierarchically rearranging the ICF items and constructing Guttman-type scales according to item difficulty using the Rasch model. These scales facilitate objective, simple and clear descriptions of elderly functional levels thereby improving the ability to use as a comparable assessment and staging tool. In addition, each functional level might require similar resources and therefore enable stan-dardization of care and rehabilitation. Illustrations facilitate the sharing of patient images among health care providers. The authors are currently performing additional validity and reliability studies to enable the scale to be used in international geriatric care settings.
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